Urbanization has drastically changed soil properties, and an assessment of these changes is essential for soil management and soil health. The activities of urease, acid phosphatase, invertase and catalase, soil organic matter, pH, electrical conductivity (EC) and clay (< 0.01 mm) content of urban soils under two land-uses in the central built-up area of the Shenzhen city were investigated, and multivariate analysis was used to study the relationship between soil enzymes and soil physical-chemical properties. The results showed that invertase activity in roadside soil was significantly higher than that in urban park soil, whereas catalase activity was significantly higher in urban park soil. Soil organic matter had significant positive correlation with activities of invertase, urease and acid phosphatase but not with catalase. Soil pH had a significant negative direct effect on urease and acid phosphatase activity, but the effect was counteracted by positive indirect effect of soil organic matter. Soil EC had a positive direct effect on activities of catalase and there was a significant correlation between soil EC and soil catalase activities. Soil organic matter, soil pH and EC were the major factors influencing activities of soil enzymes.
Soil enzymes play essential roles in soil processes such as nutrient cycling and energy transformation by catalyzing numerous chemical, physical and biological reactions. Soil enzymes are sensitive to variations induced by natural and anthropogenic disturbances (Gupta et al. 1988 , Dick 1997 . Vegetation, soil type, land use history and soil management strategy affect soil enzymes (Green and Oleksyszyn 2002, Wyszkowska et al. 2005) . Many studies have suggested that soil enzymes can be used as indices of soil contamination, soil fertility and soil health (Masciandaro et al. 1998 , Saviozzi et al. 2001 .
Previous studies demonstrated the significant relationship between soil enzymes and other soil characteristics, but the relationship is largely dependent on the species of enzymes and the environmental variables (Bergstrom et al. 1998 ). In contrast, some studies suggest that there is no relationship between soil enzymes and soil nutrients (Sakorn 1987) . Urbanization has drastically altered soil properties and processes (Green and Oleksyszyn 2002) . The objective of this study was to assess the impact of land use on urban soil enzymes based on a systematic survey on soil properties in the Shenzhen city, and to illustrate if soil enzyme activities can be used as indices for fertility and health of urban soils.
MATERIAL AND METHODS

Site description
The Shenzhen city is located at 113°46'-114°37'E, 22°27'-22°52'N, south of Guangdong province of China. The city has the total area of 1 952 km 2 and the urban build-up area of 516 km 2 with 48% green space. The climate is subtropical monsoonal with abundant heat and moisture. Mean annual temperature and relative humidity is around 23.7°C and 72.3%, respectively. The original zonal vegetation in the area is monsoon evergreen broad-leaf forest. The dominant soil types are Plinthosols in the hill area and Anthrosols in the alluvial plain and basin according to the WRB soil classification Enzyme activities of urban soils under different land use in the Shenzhen city, China (IUSS Working Group RB 2006) . For urban soils, average soil bulk density is 1.55 g/cm 3 , and the content of soil gravel (> 2 mm) is approximately 30% in 0-20 cm soil depth (Lu et al. 2005) . Urban parks and roadsides green belts are two major land use types of green space in the build-up urban area; their soil physical-chemical characteristics were described by Shi et al. (2004) .
Soil sampling and analysis
Fifty sites were selected for soil sampling in nine urban parks and seven roadside green belts in the built-up urban area of the Shenzhen city in April 2004. Twenty-five samples were taken from urban parks and another twenty-five from roadside green belts. Composite topsoil samples (0-20 cm) were obtained by mixing sub-samples from six random points within 2 m 2 in each sampling site by using a 7.5-cm diameter hand auger. Soil samples were air-dried for 72 h at room temperature (22-28°C), and crushed to pass through a 2-mm sieve. All samples were stored at 22-25°C temperature for two months until laboratory analysis was conducted.
Soil physical and chemical properties were determined according to routine methods, i.e. soil organic matter (OM) was measured by wet oxidation, total nitrogen(TN) by the Kjeldahl method, alkali-hydrolysable nitrogen (AN) by the NaOH hydrolysable method, total phosphorus (TP) by colorimetric method after digested with hydrofluoric and perchloric acid, available phosphorus (AP) by the Olsen method, and soil clay (< 0.01 mm) content (PC, based on the Kachinsky's classification system) by the hydrometer method, soil pH and electrical conductivity (EC) were measured in 1:2.5 and 1:5 (w/v) ratio of soil to distilled water suspension, respectively (Lu 1999) . Soil enzyme activities were assayed in triplicate air-dried samples as described by Guan (1986) . Briefly, urease activity was determined using urea as substrate, and the soil mixture was incubated at 37°C for 24 h, the produced NH 3 -N was determined by a colorimetric method, and urease activity was expressed as µg NH 3 -N/g/h. Invertase activity was determined using sucrose as a substrate and incubation at 37°C for 24 h, measuring the produced glucose with the colorimetric method, and invertase activity was expressed as µg glucose/g/h. Acid phosphatase activity was measured using sodium phenolphthalein phosphate as a substrate, incubation at 37°C for 24 h, and the liberated phenol was determined colorimetrically, acid phosphatase activity was expressed as µg phenol/g/h; catalase activity was measured using H 2 O 2 as a substrate, shaked for 20 min and the filtrate was titrated with 0.1 mol/l KMnO 4 , catalase activity was expressed as ml 0.1 mol/l KMnO 4 /g/h.
Statistical analysis
The data from soil analyses were subjected to a two tailed t-test to test the statistical significance of soil physical-chemical properties and soil enzyme activities between park soil and roadside soil; the relative importance of direct and indirect effects of measured soil physical-chemical properties on the activity of four enzymes was determined by path coefficient analysis. Stepwise multiple regression analysis was employed to model the quantitative relationship between an enzyme activity and soil physical-chemical properties.
All the statistical analyses were performed using SAS 9.0 software.
RESULTS AND DISCUSSION
Influence of land use types on enzyme activities
There was no significant difference between urban park soil and roadside soils for soil organic matter, total N, alkali-hydrolysable N and EC. Soil pH, soil total P and available P were significantly higher in urban park soils than in roadside soil but the content of clay was the opposite. Invertase activity was greater in roadside soils while catalase activity was greater in urban park soils. Land use type had no significant impact on the activity of soil urease and phosphatase (Table 1) .
Invertase activity
Correlation analysis showed that soil invertase activity was significantly correlated with soil organic matter but not with other soil physical-chemical variables (Table 2 ). Path analysis showed that soil organic matter had a positive direct effect, whereas total N had a negative direct effect on invertase activity (Table 3 ). The indirect effects of soil organic matter on invertase activity through other variables were mostly negative but the effects were marginal, which reduced the direct effect in general. Soil total P, alkali-hydrolysable N and clay had a positive indirect effect on invertase via soil organic matter. Soil available P, pH, and EC did not show any direct or indirect effect on invertase. Based on these results we could conclude that soil organic matter has the most significant and positive effect on invertase. Stepwise regression analysis (Table 4) showed that soil total N has a significantly negative effect on invertase activity, which may indicate that invertase activity increased by soil organic matter but was inhibited by soil total N.
Urease activity
Soil urease activity was closely and positively correlated to soil total N, total P, alkali-hydrolysable N and physical clay as showed in Table 2 . Path analysis showed that soil organic matter and alkali-hydrolysable N had a positive direct effect on urease activity and the effects were strengthened by all other indirect factors (Table 3) . While total N had a positive indirect effect via soil organic matter and was strengthened by other factors. Total P and clay showed a closely positive relationship with an OM -organic matter; TN -total nitrogen; TP -total phosphorus; AN -alkali-hydrolysable nitrogen; AP -available phosphorus; EC -electrical conductivity; PC -soil clay content *, **significant at 5% and 1% level Table 1 ), invertase activity, urease activity, acid phosphatase activity, catalase activity *, **significant at 5% and 1% level The data underlined are direct path coefficients, data in Sum column are correlation coefficients, and the rest data are indirect path coefficients Xi (i = 1-8) stands for soil OM, TN, TP, AN, AP, pH, EC, PC (see Table 1) accumulated path coefficient though all factors had a rather small effect. Soil available P, pH and EC had no effect on urease activity. The effects of soil organic matter and total N on urease activity were similar to their effects on invertase activity, indicating that soil organic matter increased and total N inhibited urease activity in soils (Table 4) .
Phosphatase activity
Though soil organic matter, total N, alkali-hydrolysable N and clay did not show any significant direct or indirect effect on phosphatase activity by path analysis (Table 3) , simple correlation analysis showed that phospatase was closely and positively correlated with total N, total P, alkali-hydrolysable N and clay (Table 2 ). Soil available P and total P showed a direct or indirect positive effect via available P; the direct effect was enhanced while the indirect effect was reduced by other soil properties. Soil pH had a significant negative direct effect, but it was counteracted by other soil properties. The stepwise regression model showed that phosphatase activity was quantitatively restricted by soil total N and total P but increased by soil organic matter (Table 4) .
Catalase activity
Soil catalase activity was closely related to soil EC, but had no significant relationship with other physical-chemical properties as shown in Table 2 . Total P showed a significant positive effect and available P showed a negative direct effect on catalase, respectively; however, these effects were all counteracted by other soil properties (Table 3) . Though soil EC had a direct and positive effect on and significant relationship with catalase activity (Table 3) , the stepwise regression model showed that soil EC and other soil physical-chemical properties except for soil total P were insignificant in reflecting quantitative relationship with catalase activity (Table 4) .
It was reported that soil enzyme activity is sensitive in discriminating soil qualities among soil management treatment effects (Saviozzi et al. 2001 , Sadowsky et al. 2006 . Soil enzyme activity is an effective indicator of soil quality resulting from environmental stress or management practices (Dick 1997) . Our results are consistent with other reports showing that soil invertase, as an effective indicator of soil quality, varies with land uses (Green and Oleksyszyn 2002, Liu et al. 2006) . Nevertheless, urease and phosphatase in urban soils had no response to land use change. Catalase activity in urban soils showed a distinct difference between park and roadside soils, which disagreed with the previous findings that catalase did not differ under different land uses (Liu et al. 2006) . Our results showed that invertase, urease and phosphatase activities are higher than those in barren wasteland soil but lower than those in farmland soil with good fertility as reported by Wang et al. (2003) and Qiu et al. (2004) . Wang et al. (2003) found that the sensitivity of three soil enzymes to environmental stress was in the order of urease > invertase > catalase. Soil invertase significantly and positively correlated with soil organic C, soil biological and chemical properties. Urease and phosphatase activities could be used as indicators for soil contaminated by Cd, Ni and Cu (Moreno et al. 2003 , Wyszkowska et al. 2005 , and soil fertility (Qiu et al. 2004) . Soil urease activity is also closely related with soil salinity in saline soils (Cookson 1999 ) and can be used as an index of soil degeneration and reclamation (Wang et al. 2003) . Soil phosphatase activity was often used as an index for organic phosphorus mineralization and biological activity and was inhibited by soil contamination of Cu, Cd, and Ni (Moreno et al. 2003 , Wyszkowska et al. 2005 . Soil phosphatase activity accompanied with soil urease activity can be a useful compound index for soil fertility (Qiu et al. 2004) . Soil catalase activity is sensitive to soil biological factors (Asmar et al. 1992) , is closely related with soil major nutrient elements (Rodriguez-Kabana and Truelove 1982) , and inhibited by soil contamination of Pb and Cd Xi (i = 1-3) stands for soil OM, TN, TP (see Table 1 ) respectively; (0.15 level, n = 50) (Liu et al. 2007 ). All reports mentioned above mainly concerned about soil contamination, and the knowledge on enzymes activities related to soil fertility in urbanized anthropogenic soils is still scarce. In general, our results were consistent with these findings, and showed that invertase, urease and phosphatase activities are sensitive to the change of soil organic matter and soil total N. Soil catalase activity can be estimated through soil total P determination and can reflect soil salinity to a certain extent.
